Abstract: Densities and ultrasonic 
Introduction
Measurements of ultrasonic investigations find extensive applications in predicting the physicochemical behaviour of liquid mixtures [1] [2] [3] [4] . Ultrasonic velocity in a liquid mixture is fundamentally related with the binding forces acting between the atoms or molecules present in the liquid systems [5] .
. These studies can also be used to identify complexation and to calculate the stability constants of complexes [7] [8] . The donor-acceptor complex formation is biologically important. Oxygen transfer in blood involves reversible complexation between haeme and oxygen. Electron-deficient carbons of carbonyl group can act as electrophiles. Basic groups like amino groups can interact with this group to form a complex and influence the properties of such compound [9] . In this paper, the results obtained in the study of molecular interaction between diethyl amine with acetone and acetophenone in n-hexane solvent have been reported over the entire composition at 293K. Molecular interactions among the components of the mixtures were inferred from the sign of the excess and deviation properties.
II. Experimental
Diethyl amine, Acetone and Acetophenone were Anal R grade. The solvent n-hexane was purified by distillation (b.p.69 º C) before use. Densities, Viscosities and Ultrasonic Velocities were measured at 293K over a wide range of concentrations (0.02-0.2M). The densities of pure compounds and their solutions were measured accurately using Rudolph digital densitometer (accuracy ± 0.1). Viscosities of pure compounds and their mixtures were determined using Ostwald's Viscometer calibrated with double distilled water.
The ultrasonic velocity was measured by using variable path single crystal interferometer (Model F-81S, Mittal Enterprise, India) at fixed frequency 2 MHz with accuracy of ± 0.1 ms -1 . The temperature of the solution under study is maintained constant using the electronic Juloba thermostat. This thermostat is equipped with a heater, a stirrer, a thermometer and a regulator. The temperature was maintained with an accuracy of ±0.1K. Acoustical parameters such as adiabatic compressibility (β), free length (L f ), acoustic impedance (Z) internal pressure (π i ), and relaxation time ( ) were calculated using standard equations [10] .
where, k is Jacobson's constant. This constant is a temperature dependent parameter whose value at any temperature (T) is given by (93.875+0.345T) x 10
Where b is the cubic packing factor which is assumed to be 2 for all solutions, K is the temperature dependent constant whose value is 4.28 × 10 9 , R is the universal gas constant, T is the absolute temperature. M eff is the effective molecular weight which is expressed as M eff = (X 1 M 1 +X 2 M 2 +X 3 M 3 ) (5) Where X and M are the mole fraction and molar weight of the individual constituent in the mixture respectively. = U 2  (6) The strength of interaction between the component molecules of ternary mixtures is well reflected in the deviation of the excess functions from ideality [11] . The excess properties such as U E ,  E , L f E and  E were calculated using the equation
or  E and X represents mole fractions of the component and subscript 1,2 and 3 for the components 1,2 and 3.
The different theoretical ultrasonic velocity relations used in the present study are expressed as follows, Nomoto's relation [12] .
where X 1 ,X 2 ,X 3, are the mole fraction of the liquid mixtures.R 1 ,R 2 ,R 3 the molar sound velocity and V 1 ,V 2 , V 3 are the molar volume of the components of ternary mixture. Rao's specific sound velocity relation [13] U R = (∑ x i r i   where x i is the mole fraction, r i is the Rao's specific sound velocity = u i 1/3 /  i ,  is the density of the mixture,  i is the density and u i is the velocity of the i th component of the mixture. Impedance dependent relation [14] U= (X i Z i )/ (X i  i ) where X i, is the mole fraction, Z i is the acoustic impedance and  i is the density of the i th component of the mixture.
III. Results and Discussion
The experimental densities and ultrasonic velocities at 293K of the pure liquids are presented in Table  1 . The calculated values for various acoustical parameters such as , L f , Z and  i are given in Table 2 . Adiabatic compressibility (β) is a measure of intermolecular association or dissociation or repulsion. It also determines the orientation of the solvent molecules around the liquid molecule. The structural arrangement of the molecule affects the adiabatic compressibility. It is found that the adiabatic compressibility decreases with increasing concentration for both the system. This trend suggests that there is significant interaction between unlike molecules [15] .
The free length is the distance between the surfaces of the neighbouring molecules. Generally, when the ultrasonic velocity increases, the value of the free length decreases [16] . The decrease in intermolecular free length indicates the interaction between the solute and solvent molecules due to which the structural arrangement in the neighbourhood of constituent ions or molecules gets affected considerably.
Sounds travels through materials under the influence of sound pressure. Since, molecules or atoms of a liquid are bound elastically to one another, the excess pressure results in a wave propagating through the liquid. Increasing trend of Z for both the systems is in agreement of increasing ultrasonic speed of the solutions.
The internal pressure is a measure of cohesive forces between the component molecules. The value of  i increases for diethyl amine-acetone-n-hexane system due to the various degrees of dispersive interaction and the columbic interaction existing between the component molecules.
In order to highlight the presence of interaction between the molecules, it is essential to study the excess parameters. The deviation of a physical property of the liquid mixtures from the ideal behaviour is a measure of the interaction between the molecules, which may be due to either adhesive or cohesive force. Table 3 presents that the value of U E is negative which indicate the presence of weak interaction between the component molecules [17] . This supports our view that the interactions between the two ternary mixtures are weaker. The excess positive β E values for diethyl amine + acetophenone + n-Hexane system represent the dispersion forces while the negative values for diethyl amine + acetone +n-Hexane interprets the charge transfer interaction between the unlike molecules [18] .
The values of L f E are positive which indicates weak molecular interaction between the components of the mixtures, which results from dispersion force .The negative Z E values in both ternary mixtures indicate the weakening of intermolecular interactions between the component molecules. Theoretical evaluation of ultrasonic speeds in liquid mixtures offers a simple and convenient method [19] for the study of the nature of molecular interactions in these mixtures. The theoretical values of ultrasonic speeds, evaluated using Nomoto's relation, impedance dependence relation and Rao's specific sound velocity theory along with the experimental values and percentage deviation in the calculated values are presented in Table 4 for comparisons. On comparison, the results indicate that for both the systems, diethyl amine + acetone +n-Hexane mixtures, minimum deviations are observed in case of Rao's specific sound velocity theory followed by Nomoto's relation and impedance dependence relation shows the maximum deviation.
IV. Conclusion
The results of the present study indicate that the thermodynamic parameters are sensitive to the molecular interactions present in the liquid mixtures. The positive values of L f E and the negative values of U E , Z E indicates the presence of weak dipolar and dispersive interactions between the component molecules over the entire composition range of both ternary mixtures. The charge transfer interaction between diethyl amine and acetone is clearly revealed by negative β E values for diethyl amine + acetone + n-Hexane system. The theoretical values of ultrasonic velocities are calculated by using Nomoto's relation, Rao's specific sound velocity theory and impedance dependence relation. Among the three theories taken up for the prediction of sound velocity, a good agreement in experimental and theoretical values of velocity is observed in case of Rao's specific sound velocity theory for both ternary systems.
